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WIND-TUNYEL INVESRIGATION OF PERFORATHD SPLIT FLAPS
FOH USE AS DIVE BRAKES ON A TAPERID NAJA 23012 AIEFOIL

By Paul E. Purser and Thomas R, Turner
SUMHARY

) derodynamlc characteristice of-a tapered NACA 23012
alrfoll with single and double perforated split flaps
have been determined in the MACMA 7- Dy 1lO0-foot wlind tun-
nel, Dynamle¢ pressure surveys were mado behind the ailr-
foll at the approximate locatlon of the tail 1Ian order to
determine the exteat and logcatlon cf tho wake for several
of the Ilap arrangementas, In addiitlon, computations have
been mado of an application of perforated double split
flaps for use as fighter brakes,

Tho rosultes lndicatoed that single or doubdle perforat-
ed espliils flaps may be usad to obialn satisfactory dive
contruol without undue buffeting effects and that single
or 3outls perforatad spllit flaps may also be used as
flguter brakes,

The perforated eplit flaps had approximately the
sano offects ou tho aorodynamlc and wako characteristlios
of tho taperoed airfoll as on a comparable rcctangular
airfoll,

INTRODUCTION

The HACA has undertaken an extensive investigation
for the purpose of developlng devicoes sultable for limit-
ing the diving speeds of alrplanos. 4is a part of this
investligation a study has been made of test results ob-
tained during the development of devices designed primari-
ly for otaher purposon, such as high 1lift or latoral con-
trol, but wkich may also bo usod for divo control. Tho
g8lot-lip aileron combined with a full~span slotted flap is
one of those dual-purpose devices, and data for 1ts use
have boen presonted in roforenco 1, 4 study was also
madae of a large amount of uncorrelated data on varlous
alrfoll-flap combinations from tests previously made for
the Bureau of Aeromnautics, Thieg study indiceted that per-




forated double split flaps would give the desired charac-
toristics for use as dive-control devices, TFollowling
this sitndy, an 1lnvostigation was made of sevoral arrango-
monts of single and double split flaps on a roctangnlar
NAOA 23012 alrfoil {reforonce 2) to detsrmineo in moro de-
tall tho aorodynamlic and wako characteristics of thoso
dovicos in ordor that deslgners might moro closely evaluate
taelr effects on the perrXormance or coxnplete alrplanes,
Tho progsont tosts wore uade to dotormino tho aerodynamic
and wako charactorigctics of some of tho single and double
split-flap arrangononts on a tapered NACA 23012 airfoil,

AFPARATUS AND TESYS

lodel

The airfoil model used (fig. 1) was of laminated mahog-
any buiit to the WAGA 23012 proflile, The model was tavered
3 to 1 in plan form wlth a span of 60 inches and an aspect
ratic of 6,0, The tralling edge ol the model was straight
and tho maxiawm upper-~snurface ordlunstes of tho varlous sec-
tions wore 1n omeo »nlane. The perforated split flans were
made of sheet steel and had a chord of 2 inches (20 per-
cent of the airfoll mean geomoetric chord)., The porfora-
tions 1n the flaps wero symmctrically spacod circuler
holoe (soc flap dotail, fig, 1) and removed 33,1 porcont
of tho origlnal flap arna, In order to facilitate partial-
span-flap tests each flap was made in ten equal segments,
each segment naving a span of 20 percent of the airfoll
semispan, The segments on each semlspan wero numberod
from 1 to 5 proegrcssivoly from tho plano of symmetry out-
baard to the airfoll tip, Bplit-flap doflections wore
moasurod with rospoct to tho airfoll surfaco at theo hingo
polnt and the gap between the airfoll surfece and the
flap was sealed wlth modeling clay.

¥ind Tunnel and Egquipment

The tests were made 1n the NACA 7- by 1lO-~foot closed-
throet wind tunnel doscribed in reforences 3 gnd 4, Tho
wake survoys woro made with a rake of olght 3/8-inch diam-
etor piltot tubos svaced 2 inchos apart, Tho rakc was ad-
Justable so that dynamic prossuro could be recorded at l-
inch intorvals along a vortical lino 27 inchos long vhilch
was locatod 30 inchos (3.0c) behind tho gquarter-chord



point of the airfoll mean aerodynamic chord and 5 inchos
(Qe5c) to tho right of tho planc of symmotry, This posi-
tion was belisved to be represcntative of the location of
the hinge line and midpoint of the semispan of the hori-
zontal tall surfaces of alrplanes on which divo-coatrol
devlicos would be usad, Theo ratlo of tho dynamlc prossuras
in tho waxo o tlo dynamlec pressures at tho samo polnts
with tho modol removed (support strut in place) was dotor-
minod from readings on an inclined-tube alcohol manometer,
Flgure 2 1s a three-quarter rear view of the model mountod
in tho wlnd tuanol,-

Tosts

Test_conditions.~ The dynamic pressure maintalned for
all tests was 156,37 pounds per aquare foot, whlch corre-
gsponds to n velociiy of about 80 mlies per hour under
standord soa-level condltions and to an average test
Reynoids number of 609,000 basesd on the moan geomctric
chord of the modol (10 in,),

"agzt nwrogedure.~ The testa conslsted of the determi-
natiov of the 1lift, dreg, and »ischiang-momert coefficlents
and i tho wake characterlsticc for voarious arranpgements
of tro flaps, Doudlo cplit flaps wero locntad 20 percent
of tho mean geoumotric chord from the alrfoll tralling
edgo and sfiugle split flaps (lower surface) were located
on tiae line o0 the 30-vcrcent-chord stations of tho air-
foll aectlone, The forces and momnents wore detoermincd at
intervals of 2° throughout the angloe-of-attack rango from
bolow zZoro 1ift to abovo mazimum 1lift., Tho wake survors
wvoro nado at intorvals of 42 throughout the samo arglo-of-
attack rango,

Ko tcsts wore made with the flap perforations covered
since the data 1n reference 2 showed that while covering

the perioratlons increased the drag coefflclent, it also
cauneed a very unstoady corndition of the model,

3SULTS AND DISCUSSION
In the presentatlion of results the following symbols

are used:

Gy, 1ift coefficlent, ;/gos




whore

and

3]

(43

drag coofficient, D/q,S

Pltchlng-moment coefficlent about the gquarter-
chord point of the alrfoll moan aorodynamic
chord, m/q,cS

drnamlc pressura retlo

11£%
drag
piltching momont
dynamic prossuro at point 1a wako, % P A
averago dynamic prossuro for air strean,
5 P V72
airfoll moean goometric chord

airfoll mean aerodynamic chord, chord through
centroid of area of airfoll memlapan

flap chord
alrfoll area
airfoll span

flap span

anzle of attack
upper~surface splli-flap deflection

lower-surface split-flap deflectlon

The subscript L, refers to the characteristlics at zero

lift,

Slince tahe support strut interference and tares were
relatively smeall, these correctlons were applied only to
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the plain airfoll data. The standard Jet-boundary correc-
tions which _wore appliod to all tho forco-teat data aro:

P — [

Qle Qja

_ a
a0y, = 82 0of

where O 1s the Jet cross-sectlonal area, A value of

8 = 0,1126 for the closed-~-throat wind tunnel was used in
correcting the results, It should bPe noted that due to
tho various span-load dlstridbutions of the airfoil with
tho various split-flap arrangements, these corrections
are not strictly applicable to 2ll the data, ¥o correcw~
tlon for tunnel effoct has boon applied to the wake loca=-
tlon, Thils correction 1s small because of the relatlvely
small modol used,

Double 8plit Flaps

THo aorodynamic and wake characterlsties of a 60-inch
span 3-t0-1 taporod HACA 23012 airfoll with double split
flaps locoted 0.20c from the airfoll tralllng edgoe are
presented in figures 3, 4, and 5, The aerodynanic charac-
teristics are presented as curves plotted agalnst 1ift
coofficient; and tho wakeo charactoristlcs are shown as
curvos of dynamic pressure ratio, q/qo. Plotted against

distance above and bolow tho oxtondod chord line of tho
root soction. of tho airfoil, Tho mothod of presenting the
waxe charactoristics 1s lllustrated in figure 4, The
double split flaps had practlically the same effects on the
aerodynamic and wake charactoristios of the tapered air-
foll as they had on those of the rectangular alrfoll of
reference 2. The wake surveys were made of selectod rep-
reosentatlve arrangements based on the resultes of reforence
2 and the data presented are sufflicient to show the wake
characteristiocs of all arrangements,

Sinco the aerodynamic characteristios at and near sero
1ift were considered of particular interest to the de-
glgner, the results from figures 3a and Ha were plotted
against -flap epan in figure 6, Nelther flap span nor alr-
foll plan form had a marked effect on the pltching~moment
coefflclents or angleas of attack at zero lift, The drag
coefflicients obtained with center-section double split
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flaps were practlcally the same for both the tapered air-
foll and the rectangular alrfoll of reference 2, but the
‘tip-section flaps gave higher drag coefficlents on the
tapered alrfoll than on the roectangular airfoil, On both
alrfoils the conter-sectlon flaps allowed hligher avallable
maximum lift coefficients than the tlp-sectlion flaps ex-
cept for one urexplained instance (60-percent-span flaps,
fig, 6). The difforenco betwoon the maximum 1ift cooffi-
clonts obtainable with the contor- and tip-soction flaps
was less for the tepwred airrfoil than for the rectangular
alrfoil of reforcnco 2,

fingle Split Flans

The aerodyramic and wake characteristics of a 3-to-1
tavered NACA 23012 alrfoll wlth lower-surface perforated
split flaps located on a line through the 30-percent-chord
statiors of the airfoll sectlons are shown in figuros 7 to 9,
The use of these flaps produced the same large decrease in
angle of attack for zero 1lift on tac tapered alirfoll as on
the rceciangular eirfoil of rofecroace 2, Sinco the asrody-
namic characteristices at and roer zoro 1lift wero consid-
orod of poarticular intorost to tho designer, tho results
of fizaros 8 and 9 woro roplottcd against flap span in
figurc 10,

In view of the agreement shown between the tapored
alrfoll tcets and thoe rectengular alrfoll tests of rofor-
ence 2, the two sets of data togetier should afford suffi-
clent lnformation fer the prediction of the performance
of porforated split flaps when used as dive brakes,

Diving Specod

The relationshlp betwveen drag coefflclent, wing load-
ing, and indicated velocity for an airplane in a vertlcal
dive is shown in filgure 11, Tor other diving angles, tho
veloclty givon on the canart should be multipliod by tho
square root of the sino of thoe diving anglo, roforrod to
the horizontal., ZFrom this chart, the data in figures 3(a)
through 10, and the data 1n figures 3(a) through 21(e) of
reference 2, 1t may be shown that the use of full-span
perlorated double split flaps would probadly limit to 200
mlilego per hour the indiceted diving speed of an alrplane
wlth a 7ing loadlng of 35 pounds per square foot and lim-
it to 250 miles per hour the diving speed of an airplane
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wlth 2 wing loadlng of 66 pounds por square foot,. Corro-

“"gponding valuo® "obtalned with the ‘use o¢f perfofated sin-

gle split flaps are: 200 miles per hour for & wing load-
ing of 30 pounds per square foot, and 250 mlles per hour
for a wlng loading of 45 pounds per sguare foot,

Fighter Brekes

In addition to the need for devices which will reduce
the diving epeeds of alrplanes, 1t appears that a need
has arisen for some device which wlll temporarlily reduce
the speed of attacking flighter aircraft ln order that the
pllot will have more time for firing, 8Some of the rogquiro-
monts which a fightor brake should mcet are: 1littlo or no
chango 1n tho attitudo of the alrplano with flxod controls,
sufficlont increaso in 11ft coofflcient during oporation
of tho brakos to malntaln lovol fllght as tho spood is ro-
ducod, and onough lncroaso la drag coofflclent to docoler-
ato tho alrplano within a reasonadle timo aftor tho brakos
aro appliloed,

An application of flghtor bdrakes to an airplane with
a wing loading of 30 pounds por squaerc foot has boon com-
putod by an approximate, stop-by-stecp mothod, Tho arrango-
moat usod was tho full-span porforatod doublo spllit flaps
locatod at 0,80c on tho roctangular NACA 23012 alirfoll
(fig. 3(a), roforonce 2), It was assumod that both tho
uppor—-surfaco and tho lowor-surfaco flaps wore deflocted
to 50° within 1 second, and thon tho uppor-surfaco flap
remalned stationary whlilo the lower-surface flap was de-
flected to 60° in such a manner as to afford sufficient
increase in lift cocfficlent to malntaln level flight at
the reducod speeods without a change 1n angle of attack,
Although maintalning a constant power output of the engine
would sllghtly decrease tho offectivo drag lncromont and
incroaso tho time roqulred to slow down, thls offect was
neglocted in ordor to simpllify tho problem,

The results of the computations are given in filgure
12, which shows curves of speed; lift, drag, and pltching-
moment coefflclents; angle of attack; flap deflection;
and acceleration plotted against time. A4As 1s shown in
figure 11, the use of full-span poerforated double split
flaps should reduce the alrplane speod from 300 miles por
hour to 176 miles per hour in adbout 8 seconds, with a
nogligiblo chango in englo of attack and a change in wing
pltching-momont coofficient of only —-0,03, I% should bo



noted that at the end of the 8 seconds the airplane stiil
has a deceleretion of about 0,6g and in order to continue
ia level fllght the 11ft coefflclont must be incroased by
an incroase in angle of attack or by a docrcase in tho
upper-surfaco flap dofloction (which would also docroaseo
tho drag coofficiont and deceloration),

The effect of the flaps on the pltching-moment coeffi-
clent due to the tall should be determined on a completo
modol of any propoeed installation. Also a moro compiote
dotormiration should bo mado of the variatlon of 1ift and
drag coefficients with flap deflection, since the 1ift and
drag data used in computlng the characteristics shown in
figure 12 were takon from curves drawn betwoen 6§, = 30°

and 8, = 60° with no intormcdiato points,

In uelng douvle split flaps as flzhter brakes, the in-
1tial acceloratlon of 1l.lg could be reduced by decreasing
the initial 30° flap daflection or by reducilng the rato of
deflection and using a differential between the two flaps,
80 that the greater deflection of the lower-surface flap
would supply the 1ift coefflcleonts needod %o malntain a
constaal anglo of attaclk,

It alsn appoars posslidlec to use lower-surface perfo-
ratod 9pllt flaps locatod noar tho wlng leadlng odgo as
fighter brakes if a esomewhat lower docoloration and some
changos in tho attlitudo of tho alrplane is considerod ac-
coptablo,

Operating Ferces

4 lergo emount of data has boon published on the
hingo-ncrent charactoristics of various split-flap combi-
nations, some of walch are prosontod ia reforonces 5 to 83
and tho hingo-momont charactorlestics of a slot-11n alleron
for uso as o dlvo brako whon comdined with a full-span
slottod flap are prosecatod In rcferonco 1, Comparatively
little 1s known, however, about the effects of flap per-
foratlons or of various methods o0f operation on the forces
requilred to deflect split flaps. 8Some work has beoen done
in England on varlous methods of oporatliom of split.flaps
(roforonco 9) and bdriof mention 1s made of the loads to be
expected on dive brakes in a report of some Germen re-
search (referonce 10), The dive drakes of reforence 10
woro slats placod normal to the alrfoll surface with a gap
between the airfoil and the ‘slats, Pressure distributiom
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tests on these slats indlcated that the load on the slats
‘was about 75 percent of the -drag indreade and that the
distribution of thls load on the slat was approximately
rectangular, ' : '

Addltional research is recommended on the effects of
perforations and method of flap operation on the hinge-
moment characteristics of perforated split flaps,

CONCLUSIOXS.

. The results indicated that slngle or double perforated
split flapas may be used to odtaln satisfactory dive con-
trol without undue bafleting effects and that sinzle or
double perferated eplit flape may also Ye used as fighter
brakes,

The perforated oplit fiaps have approximately the same
effects on the asrodynamic and wazo characteristics of the
tapered airfcll as on a comparablo rectangular airfoil,

Langley liomorlal Aoronautieal Laboratory,
Jational Advisory Committoe Zor Aoronautics,
Langloy X¥leld, Ya,
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FisURE /.- The 373 / topered NACA 23012 airfoi/ with 0.20¢
perforated split flaps. Perforations remove 33./
percent of the original flap area. Airfoil span, 60irches;
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Figure 2.~ Three-quarter rear view of the 3:1 tapered NACA 23012 airfoil
with 0.20c, 80-percent-span tip section perforated double
split flaps mounted in the NACA 7-by 10-foot wind tunnel.




Figure 3 (a).~-

Lift coefficiert, G,

(a) Aerodynamic characteristics.
Effect of 0.30c partisl-span center-section perforated double split flaps located
0.20c from the airfoil trailing edge of a 60-inch span 3:1 tapered NACA 23012

airfoil. bg,60°; &g, ,60°.
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Figure 4.- Wake characteristics of a 60-inch span 3:1 tapered NACA 23012 airfoil.
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Figure 7 (a).- Effect of a 0.230c full-span lower-surface perforated single split flap located on a
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Figure 8.- Effect of 0.30c partial-span lower-surface center-section perforated single split flaps
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Figure 12.- Computed time-~history characteristics during deceleration of an airplane equipped with
fighter brakes consisting of 0.20c full-span perforated double split flaps located
0.80c from the wing leading edge.
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